Analyses and modeling of gravity data in the Dead Sea pull-apart basin reveal the geometry of the basin and constrain models for its evolution. The basin is located within a valley which defines the Dead Sea transform plate boundary between Africa and Arabia. Three hundred kilometers of continuous marine gravity data, collected in a lake occupying the northern part of the basin, were integrated with land gravity data from Israel and Jordan to provide coverage to 30 km either side of the basin. Free-air and variable-density Bouguer anomaly maps, a horizontal first derivative map of the Bouguer anomaly, and gravity models of profiles across and along the basin were used with existing geological and geophysical information to infer the structure of the basin. The basin is a long (132 km), narrow (7-10 km), and deep (-<10 km) full graben which is bounded by subvertical faults along its long sides. The Bouguer anomaly along the axis of the basin decreases gradually from both the northern and southern ends, suggesting that the basin sags toward the center and is not bounded by faults at its narrow ends. The surface expression of the basin is wider at its center (<16 km) and covers the entire width of the transform valley due to the presence of shallower blocks that dip toward the basin. These blocks are interpreted to represent the widening of the basin by a passive collapse of the valley floor as the full graben deepened. The collapse was probably facilitated by movement along the normal faults that bound the transform valley. We present a model in which the geometry of the Dead Sea basin (i.e., full graben with relative along-axis symmetry) may be controlled by stretching of the entire (brittle and ductile) crust along its long axis. There is no evidence for the participation of the upper mantle in the deformation of the basin, and the Moho is not significantly elevated. The basin is probably close to being isostatically uncompensated, and thermal effects related to stretching are expected to be minimal. The amount of crustal stretching calculated from this model is 21 km and the stretching factor is 1.19. If the rate of crustal stretching is similar to the rate of relative plate motion (6 mm/yr), the basin should be --•3.5 m.y. old, in accord with geological evidence.
INTRODUCTION
Fault-bounded basins often accompany strike-slip motion in a variety of tectonic settings both in the oceans and on the continents [Christie-Blick and Biddle, 1985]. These basins, referred to as strike-slip basins, pull-apart basins, or rhomb-shaped grabens, vary in their internal structure owing to the complex stress field [Withjack and Jamison, 1986] and heterogeneous crustal rheology around strike-slip faults. Strike-slip basins are generally short-lived [Crowell, 1974] because slight reorganization of relative plate motions will change the local stress field around the basin. The evolution of shallow basins can be numerically simulated by the interaction of fracture tips or by displacement discontinuities across en echelon faults in a brittleelastic medium [Rodgers, 1980; $egall and Pollard, 1980;  Bilham and King, 1989 ]. The evolution of deep basins (deeper than 2-3 km) is expected to be more complicated as they result from either larger displacements along the fault system or from rotation of the axis of extension relative to the fault system. Furthermore, the deformation of deep 
REGIONAL GEOLOGIC SETTING
The crust underlying the study area was assembled during the Pan-African orogenies in the Late Precambrian [Freund and Garfunkel, 1976] . The thinning of the crust and the thickening of the sedimentary cover northward and westward toward the Mediterranean Sea represent a passive continental margin of the Arabo-Nubian platform resulting from a Triassic to Early Jurassic rifting [e.g., Ginzburg and Folkman, 1981] . Wide-spread deposition of marine sediments on the thermally subsiding continental margin continued until the middle Eocene and constitutes a large part of the overall sedimentary sequence [Freund and Garfunkel, 1976 Dead Sea area both in and outside the transform valley [Kashai, 1989] . Motion along the Dead Sea transform probably initiated in the middle Miocene (15.5-11.5 Ma), but the exact age cannot be established [Steckler and ten Brink, 1986] . The initial movements along the Dead Sea transform were nearly pure strike-slip, but in post-Miocene time they may have changed to strike slip with a small component of oblique extension resulting in the opening of basins along the transform valley and the Gulf of Elat (Aqaba) [Garfunkel, 1981] 
DATA ACQUISITION, REDUCTION, AND COMPILATION
In October 1988 the Lamont-Doherty Earth Observatory's marine gravimeter BGM-3 was installed on the 15-m-long utility boat Tiulit in the Dead Sea. This system has a documented accuracy of better than 1 mGal [Bell and Watts, 1986] . Gravity was continuously measured during 3 days and 1 night at an average speed of 5 knots. Gravity was recorded at a 1-s interval and monitored in the field using two COMPAQ 386 computers. Navigation was measured every 1 s by a portable radar-ranging system (Mini-Ranger) of the Israel National Oceanographic and Limnological Institute using three stations located at intervals of 10-15 km on the western shore of the lake. The positional accuracy of the system was 3 m. A visual steering program allowed accurate control of the boat's course and speed. Water depth was measured using an analog 3.5 kHz DFS-6000 echo sounder of the Israel National Oceanographic and Limnological Institute with an accuracy of 0.5 m (in seawater). The elevated salt concentration of Dead Sea water affects both the water density and its acoustic velocity. Four calibrations of the recorded travel time to the lake bottom, made by sounding with a weighted line, gave a water velocity of 1755 m/s which is within 1% of the previous calibration [Hall and Neev, 1975] . Additional bathymetry was digitized from single-channel seismic profiles [Neev and Hall, 1976] and integrated with our data. The lake level during data acquisition (October 10-13, 1988) was 408.13 m below the Mediterranean sea level (bsl). A moving average filter with a 200-s Gaussian window was applied to the marine gravity data to remove the accelerations of the boat. The data were manually edited to remove bad measurements and were combined with the navigation. The drift of the gravity meter was negligible over the short period of the survey. E6tv6s correction was applied to compensate for the ship's speed. The accuracy of the gravity measurements, after adjusting for internal consistency between crossing lines, is 1.5 mGal [Wessel and Watts, 1988 Merging the marine and the Israeli data with the Jordanian data presented the largest uncertainty in the accuracy of the gravity data set since a reliable tie has never been established between the gravity networks of the two countries. A large difference was present between the gravity values of the two countries, whose likely source is the 12-16 mGal error in the absolute Potsdam gravity value [Morelli, 1971] Provided the crests of maximum gradient represent faults, the skewness of the horizontal gravity gradient around the peak gradient (i.e., the shape of the second derivative) can be used to deduce the dip of the fault [Bott, 1962] . A vertical fault will produce a symmetric peak, a reverse fault will produce a steeper slope toward the basin, and a normal fault will produce a steeper slope toward the flank. The eastern crest appears to represent a generally vertical or slightly reversed fault, whereas the western crest represents a generally normal fault, except at the northernmost end (north of latitude 31ø37'N) where it is a vertical to reverse fault. The 
CRUSTAL STRETCHING AND ISOSTATIC COMPENSATION
The simplest model for the evolution of the Dead Sea basin is an extension across a jog between two strike-slip fault strands, which created a rhomboid hole bounded by diagonal normal faults [Freund and Garfunkel, 1976] . More recent models suggested along-axis asymmetric extension over a midcrustal detachment fault. In these models the southern end of the basin is bounded by a large diagonal listric fault, whereas the northern end warps down [Arbenz, 1984; Reches, 1987] . The Amaziahu listric fault was considered the southern diagonal fault [Arbenz, 1984] [Turcotte and Schubert, 1982] , where dp is the density contrast between the basin fill and the surrounding rock, 400 kg/m 3 and 460 kg/m 3, and the maximum depth h is 10 km).
Casting the sediment overburden and the tensile stresses in terms of the resolved shear and normal stresses on boundary faults with an angle of 60 ø [Turcotte and Schubert, 1982] , we find that the tensile stresses due to density contrast across both walls of the basins are not enough to overcome the static friction [Byerlee, 1978] and cause block collapse on the west side. We suggest that the collapse was facilitated by the existence of normal faults that separate the transform valley from the uplifted highlands ( The Dead Sea basin (and possibly other pull-apart basins) can be used to study crustal deformation resulting from a purely mechanical stretching because thermal input appears to be minimal.
